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1 Claim. (C. 88-14) 

The present invention relates to photometric apparatus 
and more particularly to photoelectric measuring appara 
tus of this character which includes means for compen 
sating for variations in the intensity of illumination 
emitted by the light source. 

In the case of photometers or other photometric 
apparatus operating with photosensitive cells, errors in 
the results of the measurement can easily be caused if 
the required sources of light are not of precisely con 
stant illumination intensity, for instance, errors in meas 
lurement may be caused as a result of voltage variations, 

I have found that certain circuit arrangements may be 
employed which utilizes two separate luminous fluxes 
emanating from a single light source and thus eliminate 
errors which might otherwise be caused by variations 
in the brilliance or intensity of the illumination produced 
by the light source. 
The usual manufacturing cost required for this pur 

pose is ordinarily unjustifiably high since, for instance, 
a second amplifier is necessary to provide compensation 
for the total luminous flux or else costly screening and 
control devices are required if the amplification of the 
luminous flux is to be effected in a single channel or com 
mon amplifier. 

It is an object of the present invention to provide a 
simplified self-compensating photoelectric measuring cir 
cuit which is unaffected in the accuracy of its measure 
ment results by minor variations in the illumination in 
tensity produced by its light source as a result of voltage 
fluctuations, aging or the like. 
The circuit arrangement in accordance with the inven 

tion makes it possible with a minimum of expense to 
obtain a high degree of accuracy and independence of 
the measurement results with respect to various or in 
ternal influences affecting the light source. The present 
invention is characterized by the use of two separate 
photosensitive circuit elements or cells, one of which 
changes its resistance, at least incrementally in the 
vicinity of its operating illumination level, in inverse 
proportion to the intensity of illumination while the 
other, being energized from a suitable voltage source, 
changes its current flow incrementally in direct propor 
tion to the intensity of illumination. Photosensitive cells 
which comply with the first or variable resistance re 
quirement are the well-known semiconductor resistors 
(cadmium sulfide, lead sulfide, etc.). The second or 
variable current requirement is met by vacuum type 
photoelectric cells, phototransistors, barrier-layer photo 
electric cells, etc. 

In its simplest form, the circuit of the present inven 
tion comprises two incrementally oppositely light re 
sponsive photosensitive cells, connected in series. The 
variable current cell is disposed in the path of a measure 
ment light beam and the variable resistance cell is ar 
ranged in the path of a compensation beam, both beams 
originating from the same single light source. The meas 
urement signal is derived as a potential drop across the 
yariable resistance cell. This measurement signal is am 
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2 
plified to such extent as may be required and applied to 
an indicator or other utilization means for observation 
or recording. 
In another form of the invention, an amplifier tube is 

included in the circuit. Conveniently, this may take the 
form of a triode connected as a cathode follower. The 
control grid of the triode is connected with the variable 
current cell to vary the space current through the triode. 
The variable resistance cell is included in the anode 
cathode circuit of the triode. The measurement signal 
is derived as a potential drop across the variable resist 
ance cell. It is also possible to include the variable re 
sistance cell in an amplifier having its input connected 
to the variable current cell, the variable resistance cell 
being included as a working resistive circuit element in 
a suitable portion of the amplifier circuit. Where the 
variable resistance cell is thus included in an amplifier 
circuit, and particularly if its resistance-illumination 
characteristic is not accurately linear throughout its en 
tire working range of illumination, the circuit may be 
arranged to compensate not only for non-linearities of 
the photosensitive element but also for non-linearities 
in the amplifier tube characteristics. 

Various other objects, features and advantages of the 
invention will become apparent upon reading the follow 
ing specification together with the accompanying draw 
ing forming a parthereof. 

Referring to the drawing: . 
Figure i is a circuit diagram showing an embodiment 

of the invention comprising two oppositely responsive 
photosensitive circuit elements connected directly in 
SS 

Figure 2 is a circuit diagram showing two similarly 
oppositely responsive photosensitive elements connected 
with each other through a triode which serves as an im 
pedance matching device. 

Referring to Fig 1, a single common light source shown 
as an incandescent lamp 1 emits a measurement light 
beam 2 and a compensatory light beam 3. 
The measurement beam 2 passes through a test of 

measurement specimen 4 indicated diagrammatically as a 
rectangle. The transparency, opacity, or some other light 
transmission characteristic of the specimen 4 is to be 
measured by its effect upon the intensity of the measure 
ment light beam 2 during the course of its passage 
through the measurement specimen 4. After passage 
through the interposed specimen 4, the measurement 
beam 2 arrives at the variable current photocell 5, shown 
as a vacuum type photocell having an anode and a photo 
sensitive electron emitting cathode. . - 
The compensatory beam 3 passes directly to the war 

iable resistance photocell diagrammatically indicated by 
the rectangle 6. As stated above, the variable resistance 
photocell 6 may conveniently be formed of a semicon 
ductor such as cadmium sulfide, lead sulfide, or the like. 
The series combination of photocells 5 and 6 is ener 
gized from a suitable common source of direct current 
potential (not shown) which is connected to terminals 
7, its negative terminal being connected to ground. An 
indicating device diagrammatically shown as a rectangle 
8, and which may also include any required amplifying 
means, is shown connected to measure the potential drop 
across the variable resistance photocell 6. 
In operation, variations in the transparency or othe 

light transmission characteristic of the specimen 4 inter 
posed in the measurement light beam 2, will directly 
affect the emission from the cathode of the variable cur 
rent photocell 5 and cause corresponding variations in 
the current flow through the series circuit comprising 
both photocells 5 and 6. Preferably, these variations 
are of a linear nature with respect to incremental varia 
tions in illumination intensity. So long as the intensity 
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of illumination provided by the light source 1 remains 
constant, the resistance of variable resistance photocell 
6 will remain constant and -any variations in current flow 
caused by the effect of different measurement specimens 
such as specimen 4 on light beam 2 will remain exactly 
-as they would be if the variable resistance photocell 6 
were an ordinary resistor of constant resistance. 

That is to say, a change of light transmission by the 
stest specimen will result in a like-change of current flow, 
and in a like change of voltage at the output side of 
'photocell 5. If, however, the light emission from light 
source 1 should be reduced, as by a drop in its energiz 
ing voltage, then the illumination on variable resistance 
'photocell 6-will decrease correspondingly. The decrease 
in illumination of photocell-6 will be accompanied by an 
increase in its resistance and a correspondingly increased 
percentage of voltage drop across its terminals as com 
pared with the entire voltage drop. The voltage output of 
photocell 5 will, however, be simultaneously reduced. 
By proper dimensioning of the circuit elements, and par 
ticularly the photocells, the increase in resistance in-var 
liable resistance photocell 6 may be made to compensate 
to the required degree of precision for the reduced volt 
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age-output of the variable current photocell 5, not only 
tfor static conditions but also with respect to incremental 
or kinetic variations. . . . . 
With such compensation provided the readings of volt 

meter 8, which serves by electrical analog as a quantita 
tive indicator of the light transmission characteristic 
measurement of specimen 4, directly readable as such, 
will be the same throughout a narrow but practical range 
of variation of the intensity of the light source 1. Other 
absorption materials can be substituted for the sample 
'4 and tested, and they too, will yield characteristic direct 
quantitative readings on the meter 8 which are independ 
ent of usual variations of intensity of the light source 1. 

Referring to Fig. 2, the light source 1, the measure 
ment beam 2, compensatory beam 3 and specimen 4 are 
arranged as described above for Fig. 1. The variable 
current photocell 15 and variable resistance, photocell 
16 are both included in a series circuit energized by a 
direct current source connected to terminals 7 as in the 
case of Fig. 1. The indicator 8 is similarly connected 
across the terminals of the variable resistance photocell 
16. A triode 19 is provided and its control grid 2 is 

25 

30 

35 

4 
a cathode follower stage providing a step-down impedance 
transformation for more effective compensation where 
the dynamic impedance of variable resistance photocell 
16 is relatively low with respect to that of the variable 
photocell 15. s 
While there have been shown what are believed to be 

the best embodiments of the invention, it will be appre 
ciated that changes and modifications may be made there 
in without departing from the spirit and scope of the in 
vention as defined in the appended claim. 
What I claim is: 
Photometric apparatus of the class described, compris 

ing: a single light source; a first photosensitive circuit 
element disposed to receive light from said light source; 
a second photosensitive element disposed also to receive 
light from said light source; circuit means connecting 
said first and second photosensitive circuit elements elec 
trically in series; means to connect a source of direct 
current potential to said series connected first and sec 
ond photosensitive circuit elements; means defining a 
space wherein to position a specimen of which a light 
transmission characteristic is to be determined, said space 
being disposed intermediate said first photosensitive cir 
cuit element and said light source so that only light from 
said light source which has passed through said space 
and any specimen therein impinges on said first photo 
sensitive circuit element; said first photosensitive circuit 
element being of the type that develops increased current 
flow in response to an increase in light intensity; said 
second photosensitive circuit element being of the type 
that develops decreased electrical resistance in response 
to an increase in light intensity, said first and second 

: photosensitive circuit elements being dimensioned to 
maintain a constant potential across said second element 
notwithstanding variations in the light intensity of said 
source; indicator circuit means connected electrically in 
parallel with said second photosensitive circuit element; 
and a cathode follower stage which is interposed between 
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connected to the photosensitive electron emitting cathode 
20 of the variable current photocell 15. A coupling re 
sistor 22 is included in the series circuit, being interposed 
between the photosensitive cathode 20 and the positive 
terminal of variable resistance photocell 16. The cou 
pling resistor. 22 applies potential variations to the con 
trol grid 21 in accordance with the output voltage of 
photocell 15. A biasing resistor 23 is connected between 
the cathode of triode 19 and the positive terminal of 
variable resistance photocell 16. The biasing resistor 23 
maintains the control grid 21suitably biased with respect 
to its associated cathode. The triode 19 thus operates as 
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said first and second serially connected photosensitive 
circuit elements, said cathode follower stage being con 
-nected electrically in parallel with said first photosensi 
tive circuit element, said cathode follower stage having 
an input connected for response to variations in current 
flow through said first photosensitive circuit element and 
having an output connected to transmit said current flow 
variations at reduced impedance to said second photo 
sensitive circuit element. 
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